Application of the PML Absorbing Layer Model to the Linear Elastodynamic Problem in Anisotropic Heteregeneous Media by Collino, Francis & Tsogka, Chrysoula
HAL Id: inria-00073219
https://hal.inria.fr/inria-00073219
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Application of the PML Absorbing Layer Model to the
Linear Elastodynamic Problem in Anisotropic
Heteregeneous Media
Francis Collino, Chrysoula Tsogka
To cite this version:
Francis Collino, Chrysoula Tsogka. Application of the PML Absorbing Layer Model to the Linear










ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Application of the PML absorbing layer model to the
linear elastodynamic problem in anisotropic
heteregeneous media












 vDfs0x ~ fU|
 rDyyv  s ~ f  f c f   c fxDDhQQNi7vos1DziDyrtzf|
H3 ¡DD¢7£ f¤y  f|ufxms2rzx ~ rzxrtp{Q¥fRr7yAf }¦ fs}p{grDsu c f ~ rD§|uv  §qlnxq
pnr?Df  gv ~ fp ¦ v  s c f©¨zfp{vQlwsZmªZ|}s  fU|u| ¦ v  goqpnrts}l{vzx
v ¦ fp{rz|}suv ~ QxrDg#l{|« b
c l{|
pnr?Df 6c rD|
s c frD|us}vmxqln| c lnxqJy  vzyAf  sZJv ¦ DfUxqf  rtsul{xqJxqv  f¬fUsulwvmxNrDs
s c f1lnxms}f ¦ rzf1§fsZ­¤ffx
s c f ¦® ff0g#f ~ l{og¯rzx ~ s c f0r  s}lw°Al{rDpArD§|}v  §qlnxqg#f ~ l{ogN« b
c ln|¤rDpwp{v ­7|Ro|©s}vvm§qsurDl{x¨zf  p{v ­|uyo  l{vzo|  f¬fs}l{vzxf¨Dfx
­
l{s c ¨Df  Hs c lnxNp{r?zf  |«Rjmf¨zf  rtpefyAf  l{g#fUxzs±|
| c v ­²s c f1f³-l{fx4rzx ~ s c f1DfUxqf  rtp{l{sZJv ¦ s c fg#v ~ fp´«
µ¶m·e¸u¹º  »3D¢ rz§|uv  §ql{xpnr?Df  |¼qrD§|uv  §qlnxq#vzx ~ lwsulwvmx|¼g#lwqf ~ °Axql{s}ffpwfUgfUxmsu|¼rDxqln|}vzs  vzyqln
½n¾#¿À}ÁFÂUÃ ¿À0Ä3ÅnÁFÆ´ÇÈ
ÉÊÌË3ÍÊÏÎ!ÐÏÑÓÒÔÕÖ?×Ø?ÔÒÙÖ?ÑÓÚ}ÛÝÜÞàßâáãØ?×ÙÛ äe×}Ô}áãÔFåU×±æ3ßàØUÑ´ßâáUÛ çwÑè ÊÌË3ÍÊÏÎ!ÐÏÑÓÒÔÕÖ?×Ø?ÔÒÙÖ?ÑÓÚ}Ûéeå?Ñ®êUëÓÒÙÖ?ÞâáUÛ ìÝë´ÒÙíÙîãáæ3ßàØUÑ´ßâáUÛ çwÑ
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Télécopie : (33) 01 39 63 53 30 - International : +33 1 39 63 53 30
  
	#,;9 )+-,( , 
#9©7 	 !#"$	#30 	"D	ã3()+0#
	1,	470 Q ¯	9 "#	0): ,5
0	1 -,'4	):H9/7	"0
):09 60"8%05	 !" 
¶  ¶ ¢ vmo|©y fU|}fUxzsuvzx|3fs©rDxrDpwq|uvzx|oxJg#v ~ dfpwf ~ f7vzo c f|Rrz§|uv  §rDxms}fU|yr }¦ rtl{s}fUgfUxmsRr ~ rzyqs ff| ! #" yvmo 
pnr ¦ v  goqpnrts}l{vzx;fx;¨Ql{s}fU|u|ufªZvmxzs  rDl{xmsuf| ~ fp%$ fpnrD|us}v ~ qxrDg#l'&QoqfD«)(¤f#g#v ~ dfpwf#rHpnrNy  vmy  l fs f fs}vmxxrzxzsuf ~ fJxqf# fUx f  f 
rzooxf *f¬fs}l{vzx yr  rD|ulwsuf dr p%$ lnxms}f ¦ rzffxms  fpwfg#l{pwl{fo fp{rz|}sul+&QoqfNfsJpnr vzo c frD§|uv  §rDxmsufD«(¤fUl0xvzo|JyAf  g#fs
~ $ vz§s}fxl  ~ fU| *f¬Afsulwvmx|Js dfU| ¦ rDl{§qp{f|Ng4fg#f ~ rDx|4p{f rD| ~ f vzo c fU|J°Axf|«  p{o|ul{fo  |Hfy f  l{fxf|-xQog f  l'&Qoqf|
g#vzxms  fUxzs6p%$ f³-rDlws ffs
pnr# fUx f  rtp{l{s f ~ og#v ~ dfpwfz«










E 	 =F #0#3 
GIH%J  º » 3¡t/K º J L
MON  -  º » ¶ -CP º HQ ¶ J ¶  - ¶ RXº - 2/K º JTS  º - ¶  U
LVN  -  º » ¶ -CP º  ¶ -Ó º » · J WK®¡D X
«w b
c ffp{rz|}suv ~ qxrDg#lny  vm§qpwfUg «1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1« 
«   p{rzxqf­r?¨zfrzxrtp{q|}ln|««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1« 
« «w Yxq°Axql{s}f8rz§|}v  §l{xq#pnr?Df  «1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1« 
« «  Zlnxql{s}f8rz§|}v  §l{xq#pnr?Df  ««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1« 
UV[]\ ¶ »:K®U¡t ¶  ¶ N ,_^  º » ¶ - G5G
hA«w b
c fa`(l  l{foQ4°Axql{s}fª ~ l)bXf  fUxfU|
|u c fg#f²«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1« D
hA«  b
c f(°XxqlwsufªFfp{fg#fxms7|± c fg#f¯««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1« U
cOd K® S ¶  eK º J  J - · /K® G3c
fVg  ¶ +K®¡D - -¶  -® Gih
j «wIk(vzg#vDzfxqfvzo|¼Ql{|uvDs  vmyqln0fp{rz|}sul{g#f ~ lnogª7`0l  l{foQ|u c fg#f(««1««1«1««1««1««1«1««1««1««1«1««1««1« 
j « Ok(fsuf  vDDfUxqfvmo|¼mln|uvDs  vzyl{(fpnrD|us}lngf ~ lnogª@`(l  lwfUoQN|± c fUgf «1««1«1««1««1««1«1««1««1««1«1««1««1« l
j « Vk(fsuf  vDDfUxqfvmo|¼mln|uvDs  vzyl{(fpnrD|us}lngf ~ lnogN«CZl{xql{s}fª´fpwfUg#fxms7|u c fg#f-««1««1««1«1««1««1««1«1««1««1« q
j « h k(vzg#vDzfxqfvzo|¼qrDxqln|uvDs  vzyl{(fpnrD|us}lngf ~ lnogN«CZl{xql{s}fª´fpwfUg#fxms7|u c fg#f«1««1««1«1««1««1««1«1««1««1« t
j « m  f¬fUs}l{vzx(¤vQf³-l{fxms±| «1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1««1«1««1««1«  h
XVn º J ¡- 3eK º J  Mf
o p #"-,;9$#
b
c f|}lng8op{rDs}l{vzx1v ¦ ­r?¨zf|§m°Axql{s}fª ~ l)bef  fxf|!v  °XxqlwsufªFfp{fg#fxms±|!g#fs c v ~ |!l{xoxQ§vmox ~ f ~~ vzgrDl{x|  f &Qoql  fU|r0|±yfUlw°A
s  fUrtsug#fUxzs ¦ v  s c f§vmox ~ r  l{f|#v ¦ s c fxffU|u|±r  l{pw s  oxrtsuf ~ vzgyosurtsulwvmxrtp ~ vmgrtlnxÝ« b ­v |uvDpnoqsulwvmx| c r?¨Df§ffx
y  vzyAvz|uf ~ ¦ v  s c ln|Jyo  yAvz|ufrqNrD§|uv  §qlnxq §Avzox ~ r  .vzx ~ lwsulwvmx| Óts( " rzx ~ rz§|}v  §l{xq p{r?zf  |«.1s ( $ | c r?¨DfN§ffx
lnxms  v ~ of ~ §mus«wvxq&Qoqln|}srDx ~ 8«  r  ~ r ¦ v  s c f-rzvmo|}sul{­6r?¨Df#f &QortsulwvmxTx D%y´« b
c f vmx|}ln|uslnx r ~~ l{xqsuvNs c f
­6r?¨Df¤f &Qortsulwvmx|uvzg#f¤|±oql{surD§pwfpwvqrtpQ§vmox ~ r  1vmx ~ l{s}l{vzx|3s c rts|}lng8op{rDs}f©s c fvzoqsuDvDlnxqxrts±o  f¤v ¦ s c f­r?¨zf|lngyqlnxqDlnxq
vmx1s c f§v  ~ f  |« b
c l{|!gfs c v ~ ­¤v ;z |yr  sul{oqpnr  pw(­¤fpwp ¦ v  rz§|uv  §ql{x
­r?¨zf|xqfUr  pwxqv  grtp{p{0lnxl ~ fxms!s}v0s c f¤r  sul °Xlnrtp
§Avzox ~ r  lwfU|«{ZAv  ­6r?¨DfU|$s  r?¨Dfpwlnxq1vm§qpwl'&Qoqfp{D¼ c l{ c f  v  ~ f  ts ( g8o|us¤§Afo|}f ~ s}v#rD c l{f¨zf0rDfysurD§pwf0rzo  rzz¼5x U/yF«
ZAv  fp{rz|}sul{8­r?¨zf|¼s c f|ulws±ortsulwvmxln|(g#v  f8vzgyqp{fÝ«1Zl  |us¼es c fs  rDx|±yr  fUxzs(vzx ~ lwsulwvmxÝ¼XlÓ« fD«s c ffrDs0vmx ~ l{s}l{vzx
 fpnrtsul{xqxqv  grtpA|us  f|±|©rzx ~-~ ln|±yqp{rzfUgfUxms©vzxHr1pwlnxqf ¦ v  vzoqsuDvDlnxq­6r?¨DfU|¼zl{|xqvp{vzxDf  r8|±rDp{r  §oqs6rgrts  lwJl{xms}f  vtª
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suv;rDxrDpwQ¥fJrzx ~ s c f-|ulws±ortsulwvmx ln|1f¨Dfx g#v  fJl{xms  lnrDs}f­ c fx ~ ln|±  fs}l{¥rDs}l{vzx l{|8vzx|}l ~ f  f ~ ¼|x +y´« b vv ¨Df  vzg#f8s c f|uf
~ lw³-oqp{s}l{f|¼'k0l{ ~ vmx}xâh+yF¼8x  j yF¼Qy  vmyvm|}f ~ s}v8vzg§ql{xf0|}f¨Df  rDpQ°  |usRv  ~ f  §Avzox ~ r  #vzx ~ l{s}l{vzx| ~ f|ul{zxqf ~ ¦ v  s c f0­6r?¨Df
f&morts}l{vzx¼3fUrD c v ¦ s c fUg §Aflnxq rz|u|uvqlnrtsuf ~ ­
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rzx ~ f³JlwfUxms ¦ v  s c f(­6r?¨DfU|Rs  r?¨zfp{l{xq
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vQf³-lwfUxzs±|©v ¦ k0l{ ~ vmx $ |©g#fs c v ~ lnxJv  ~ f  s}v#g#r z f7s c f|uf
 f¬fUsulwvmx| ~ f  fUrD|ufD«-k(v ­¤f¨Df  ¼2xQog#f  lnrtp$fyf  lng#fxmsu|1|us}l{pwp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s}v-|±o ± vmox ~ s c f ~ vzgrtlnxNv ¦ l{xmsuf  f|us7§z4|}vmgfr  sul °Xlnrtp
rz§|}v  §l{xq.pnr?Df  |lnx­ c ln c ­r?¨zf|Jr  fs  rzyyf ~ rDx ~ rDs}sufxQortsuf ~ «ZAv  fp{rz|}sul{­6r?¨DfU|¼
|uf¨zf  rtp7g#v ~ fpn| c r?¨zf;§ffx
y  vzyAvz|uf ~ «Zv  l{x|usurzxfz¼zjmvq c rD z lQfsrtp´«{¼x "y|uoDDfU|}s3s}vr ~~ lnx|}l ~ f6s c fpnr?Df  |!|}vmg#frDs}s}fUxQortsulwvmxs}f  gN¼Dy  vmyv  sulwvmxrtp
suv4s c f8°  |us0sul{g#f ~ f  lw¨ rDs}l{¨Df8v ¦ s c f ~ ln|±yqp{rzfUgfUxms0s}vNs c ffp{rz|}suv ~  ~ rDg#l{f &Qortsulwvmx|« b
c ln|s}fU c xql'&mofln|0lnx|±yql  f ~ §m
c q|ul{|8rzx ~  f¨DfUrtp{f ~ s}v §f&Qoql{s}f ~ fp{l{rts}f4l{x\y  rzsul{fD« b
c fNgrtlnx ~ lw³Joqp{sZ ln|s c rDs¼$­ c fUx fxmsuf  l{xq s c f4p{r?zf  |¼
s c f­r?¨zf|u|uff|-s c fJ c rDxDf8lnx l{gyAf ~ rzxf#v ¦ s c fJg#f ~ lnog*rzx ~ s c fx ln|  f¬Afsuf ~ r  s}lw°Alnrtp{p{Nlnxms}vNs c f ~ vmgrtlnx;v ¦
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The Vp velocity model
Vp (m/s)
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